There has been intensified interest in the neuropeptides oxytocin (OT) and arginine vasopressin (AVP) in autism spectrum disorders (ASD) given their role in affiliative and social behavior in animals, positive results of treatment studies using OT, and findings that genetic polymorphisms in the AVP-OT pathway are present in individuals with ASD. Nearly all such studies in humans have focused only on males. With this preliminary study, we provide basic and novel information on the involvement of OT and AVP in autism, with an investigation of blood plasma levels of these neuropeptides in 75 preadolescent and adolescent girls and boys ages 8-18: 40 with high-functioning ASD (19 girls, 21 boys) and 35 typically developing children (16 girls, 19 boys). We related neuropeptide levels to social, language, repetitive behavior, and internalizing symptom measures in these individuals. There were significant gender effects: Girls showed higher levels of OT, while boys had significantly higher levels of AVP. There were no significant effects of diagnosis on OT or AVP. Higher OT values were associated with greater anxiety in all girls, and with better pragmatic language in all boys and girls. AVP levels were positively associated with restricted and repetitive behaviors in girls with ASD but negatively (nonsignificantly) associated with these behaviors in boys with ASD. Our results challenge the prevailing view that plasma OT levels are lower in individuals with ASD, and suggest that there are distinct and sexually dimorphic mechanisms of action for OT and AVP underlying anxiety and repetitive behaviors. Autism Res 2013, 6: 91-102.
Autism spectrum disorders (ASD) are common, debilitating neurodevelopmental disorders that involve impairments in social and language functioning, and the presence of restricted interests and repetitive behaviors. A growing body of research suggests that the neuropeptides oxytocin (OT) and arginine vasopressin (AVP) promote affiliative and social behavior in rodents and other species, including humans [Donaldson & Young, 2008; Insel, 2010] ; that intranasal administration of OT enhances social cognition, responsive care taking, and trust [Bartz et al., 2010; Domes, Heinrichs, Michel, Berger, & Herpertz, 2007; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005; Naber, van Ijzendoorn, Deschamps, van Engeland, & Bakermans-Kranenburg, 2010] ; and that certain alleles in genes in the AVP-OT pathway are found more frequently in persons with ASD [Ebstein et al., 2009] . These findings have led to intensified efforts to clarify the roles of OT and AVP in the pathophysiology of ASD, and to translate resulting knowledge to treatment development [Carter, 2007; Hammock & Young, 2006; Insel, O'Brien, & Leckman, 1999] .
In mammals, OT and AVP are synthesized primarily in the brain's paraventricular and supraoptic nuclei, with AVP also synthesized in the suprachiasmatic nucleus. They are transported by neurosecretory axons to the posterior hypothalamus before being sent to the pituitary for peripheral release, or projected to various regions of the brain and central nervous system involved in reproductive, social, and aggressive behaviors [Donaldson, Yang, Chan, & Young, 2009] . The effects of OT and AVP frequently interact with one another [Carter, 2007] , are species-specific, are sexually dimorphic [de Vries & Panzica, 2006] , and interact with gonadal steroids [Choleris et al., 2003] . Furthermore, there are profound differences in the forebrain distribution of receptors for OT and AVP, likely contributing to the differences in the function of these neuropeptides across species [Insel, 2010] .
It is, as of yet, unclear what peripherally measured levels of OT and AVP (in plasma, saliva, or urine) represent, vs. central levels. Work in primates suggests that plasma and cerebrospinal fluid (CSF) levels of OT are dissociated [Amico, Challinor, & Cameron, 1990] . However, peripheral levels of OT and AVP are clearly responsive to social stimuli [Kenkel et al., 2012 ; Schneiderman, Zagoory-Sharon, Leckman, & Feldman, 2012; Seltzer, Ziegler, & Pollak, 2010; Wismer Fries, Ziegler, Kurian, Jacoris, & Pollak, 2005] . Thus, it is possible that previous studies found asynchrony between plasma and CSF either because (a) there were issues of timing for the sampling or (b) CSF was not the appropriate central measure [Landgraf & Neumann, 2004] . Likewise, it is unclear if intranasally administered OT actually enters the brain at levels any higher than intravenously administered OT. The commonly cited source for the permeability of the blood-brain barrier to peptides [Born et al., 2002] did not actually test OT but instead focused on intranasal AVP. It is possible that intranasal OT also operates via peripheral feedback to the central nervous system [see Norman et al., 2011] .
Research on OT and AVP in humans has focused on both peripheral measurements of peptides and central administration, mainly of OT. Broadly, both OT and AVP appear to be involved in social and emotional behavior, particularly anxiety. OT has generally been associated with positive social behaviors, such as social recognition, social contact, pair bonding, and parenting [Hammock & Young, 2005; Insel & Fernald, 2004] ; anxiolysis [Gimpl & Fahrenholz, 2001; McCarthy, McDonald, Brooks, & Goldman, 1996] ; and reduced activation of the hypothalamicpituitary-adrenal axis [Neumann, Kromer, Toschi, & Ebner, 2000] . Plasma levels of OT during pregnancy correlate with bonding-related thoughts, maternal-fetal bonding postpartum, and affectionate touch by mothers [Feldman, Gordon, Schneiderman, Weisman, & ZagoorySharon, 2010; . It has been suggested that OT may serve as a protective factor against the development of affective disorders, given its anxiolytic and antidepressant properties [Gimpl & Fahrenholz, 2001; Grippo, Trahanas, Zimmerman, Porges, & Carter, 2008] . In men, intranasal administration of OT has been shown to increase stimulatory contact and reduce hostility in fathers of infants [Naber et al., 2010] , improve theory of mind [Domes et al., 2007] , enhance trust [Kosfeld et al., 2005] , increase social memory [Guastella, Mitchell, & Mathews, 2008; Savaskan, Ehrhardt, Schulz, Walter, & Schächinger, 2008] , and improve empathic accuracy [Bartz et al., 2010] . AVP has also been associated with positive social behaviors, including pair bonding in male prairie voles [Wang, Ferris, & de Vries, 1994] .
While both OT and AVP are involved in positive social behaviors, it should be noted that their effects are not always positive. Central administration of OT can lead to excessive self-grooming [Argiolas & Gessa, 1991; Gimpl & Fahrenholz, 2001] . AVP has been shown to be involved in aggression and can be anxiogenic at some dosages [Keverne & Curley, 2004] . High plasma levels of OT and AVP, and elevated levels of OT-or AVP-expressing neurons, have been associated with both depression [Bao, Meynen, & Swaab, 2008; Meynen et al., 2006; Purba, Hoogendijk, Hofman, & Swaab, 1996; van Londen et al., 1997 van Londen et al., , 1998 ] and anxiety [de Kloet, Vermetten, Geuze, Wiegant, & Westenberg, 2008; Weisman, ZagoorySharon, Schneiderman, Gordon, & Feldman, 2012] . Additionally, dysregulation in OT and AVP has been related to obsessive-compulsive symptoms [Leckman et al., 1994; Swedo et al., 1992] .
Because of the role of OT and AVP in social behaviors, recent research has aimed to determine whether and how they are involved in the pathogenesis of ASD. Neuropeptide research in individuals with ASD has examined plasma levels of OT and AVP, treatments involving central OT administration, and genetics of the AVP-OT pathway. Modahl et al. [1998] found lower levels of plasma OT in prepubertal boys with autism relative to typically developing (TYP) children. They also found positive associations between OT and measures of social and adaptive behaviors in TYP children, but not those with autism; in contrast, children with autism, especially those considered aloof, showed the opposite relationship between OT and functioning [Modahl et al., 1998 ]. Al-Ayadhi [2005] reported lower levels of OT and AVP in plasma of adult males with ASD. In a small sample, Andari et al. [2010] also found lower plasma OT levels in high-functioning young adult males with ASD. Two studies of AVP in individuals with ASD have shown that levels are lower in lower-functioning children [Leboyer et al., 1992] and adults [Boso et al., 2007] .
While these previous studies have focused on measuring peripheral levels of OT and AVP, several treatment studies have emerged in which OT was centrally administered to individuals with ASD in order to introduce the neuropeptide directly into the brain. In the first such study, Hollander et al. [2003] reported that intravenous OT infusion reduced restricted and repetitive behaviors in adults (mostly men) with high-functioning ASD. Later studies showed that intravenous OT administration improved comprehension of affective speech in this same sample [Hollander et al., 2007] . More recently, Andari et al. [2010] demonstrated that OT inhalation increased cooperation and feelings of trust and time spent gazing at the eye regions of faces in young adults with highfunctioning ASD. In the first study of adolescents, Guastella et al. [2010] found that intranasal OT administration improved emotion recognition from eye regions in high-functioning boys with ASD.
Additional support for the contention that OT and AVP play a role in the pathophysiology of ASD comes from studies suggesting that genetic polymorphisms in the AVP-OT pathway contribute to deficits in socialization in individuals with ASD [Jacob et al., 2007; Kim et al., 2002; Liu et al., 2010; Wassink et al., 2004; Wermter et al., 2009; Wu et al., 2005; Yirmiya et al., 2006; Ylisaukko-oja et al., 2006] , and that OT receptor knockout mice show social and communication impairments [Pobbe et al., 2012] .
Despite the burgeoning OT and AVP literatures, there is still much unknown about plasma levels of OT and AVP in individuals with ASD, and none in both highfunctioning boys and girls during childhood and adolescence. Peripherally, work in animals has found higher levels of plasma OT in females than males [Kramer, Cushing, Carter, Wu, & Ottinger, 2004] , and human studies have found higher levels of plasma AVP in males than females [Asplund & Aberg, 1991] . The effects of OT and AVP are also known to be sexually dimorphic [Carter, 2007; de Vries & Panzica, 2006] . Thus, including females in studies of neuropeptides in ASD is critical given potential sex differences in these systems. Such studies are a clinically significant first step toward understanding the relationship of OT and AVP to pathophysiology, and may provide useful information about therapeutic levels of these neuropeptides for treatment trials.
The primary aims of the current study were to (a) determine plasma levels of OT and AVP in TYP girls and boys, and those with ASD, and (b) relate these levels to measures of social, language, repetitive behavior, and internalizing symptoms; the ultimate goal is to identify novel associations to be rigorously explored in future research. Based on the animal literature and on the extant literature about neuropeptide plasma levels in ASD (focused mostly on males), we hypothesized that (a) girls would have higher plasma OT levels than boys [Kramer et al., 2004] , while boys would have higher plasma AVP levels than girls [Asplund & Aberg, 1991] ; (b) TYP children would have higher levels of OT than those with ASD; and (c) low OT levels would be associated with higher levels of social language, repetitive behavior, and internalizing symptoms in all participants. We note at the outset the exploratory nature of this study given the extremely limited literature investigating these issues.
Method

Participants
A total of 79 children and adolescents (ages 8-18) participated in this study. Participants with ASD were recruited from local physicians, psychologists, speech-language pathologists, occupational therapists, advocacy groups, state centers for the developmentally disabled, ASD support groups, and the MIND Institute's Subject Tracking System, which includes children with developmental disorders, as well as TYP children. Participants with ASD were required to meet the criteria for autistic disorder, Asperger's syndrome, or Pervasive Developmental Disorder -Not Otherwise Specified (PDD-NOS) according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text revised criteria [American Psychiatric Association, 2000] . Exclusion was based on parent-reported diagnosed depression, anxiety, attentiondeficit/ hyperactivity disorder, Fragile X, Tourette's syndrome, or seizures. The decision to include individuals with high-functioning autism, Asperger's, and PDD-NOS was made based on studies showing that it is difficult to reliably distinguish among them [Macintosh & Dissanayake, 2004; Ozonoff & Griffith, 2000] .
Neuropeptide data were initially inspected for outliers using Grubb's test for outliers, and four participants were removed due to high levels of AVP (one TYP girl, one boy with ASD) or OT (one TYP girl, one TYP boy). Thus, the final sample contained a total of 75 participants, and four age-matched groups were formed: 19 girls with ASD, 21 boys with ASD, 16 TYP girls, and 19 TYP boys. Twelve individuals in the ASD group (six girls, six boys) were taking psychotropic medications (three on atypical antipsychotics, eight on selective serotonin reuptake inhibitors, and five on stimulants). The ASD groups were matched on Full Scale IQ (FSIQ) as were the TYP groups; however, the ASD groups had significantly lower FSIQ scores than their TYP counterparts, t(32) = -3.30, p = 0.002 for girls and t(38) = -3.24, p = 0.002 for boys. Participant characteristics are displayed in Table I . All procedures were approved by the UC Davis Medical Center Institutional Review Board.
Qualification Measures
Wechsler Abbreviated Scale of Intelligence [WASI; Wechsler, 1999] . The four-subtest (vocabulary, block design, similarities, matrix reasoning) version of the WASI was used. WASI produces verbal IQ, performance IQ, and FSIQ standard scores, with means of 100 and standard deviation (SD) of 15. Test-retest reliability for IQ scales ranges from 0.88 to 0.93. Participants were required to have FSIQ scores of at least 75.
Autism Diagnostic Observation Schedule [ADOS-G; Lord et al., 2000].
To confirm diagnosis, participants with ASD were administered module 3 or 4 of the ADOS-G by a trained clinician. The ADOS-G is a semistructured protocol that offers standardized observation of social communication behavior. Lord et al. [2000] showed that the mean interrater agreement was 88% across all items for modules 3 and 4; internal consistency ranged from 0.91 to 0.94. The interrater agreement in diagnostic classification based on the ADOS-G algorithm for all modules exceeds 90%.
Social Communication Questionnaire [SCQ;
Rutter, Bailey, & Lord, 2003]. Participants' parents completed the SCQ, a 40-item questionnaire that evaluates communication and social skills. It contains parallel questions to those on the Autism Diagnostic InterviewRevised [Lord, Rutter, & Le Couteur, 1994] , the gold standard parent-report diagnostic measure, in a briefer format. A cutoff of 15 gives sensitivity of 0.96 and specificity of 0.80 for autism vs. other diagnoses [Berument, Rutter, Lord, Pickles, & Bailey, 1999] . Children with ASD were required to score Ն11, while TYP groups were required to score <10.
Autism Symptom Measures
Social Responsiveness Scale [SRS; Constantino, 2002] . The SRS is a 65-item parent report used to assess autism symptom severity. Subscales include social awareness, social cognition, social communication, social motivation, and autistic mannerisms. The SRS has acceptable levels of internal consistency (0.93-0.97) and test-retest reliability (0.77-0.85). Higher scores indicate greater impairment.
Children's Communication Checklist-2 [CCC-2; Bishop, 2003 ]. The CCC-2 assesses social communication, including grammar and pragmatics. It consists of 10 scales. We utilized scales related to social language, including coherence (failure to provide listener context), initiation (starting interactions), scripted language (delayed echolalia/pedantic speech), context (use of humor and irony, and using language in a concrete fashion), and nonverbal communication (constriction in range of affect). Lower scores indicate greater impairment.
Repetitive Behavior Scale [RBS-R; Bodfish, Symons, & Lewis, 1999].
The RBS-R is a 43-item, parentreported measure assessing restricted and repetitive behavior. Subscales include the following behaviors: stereotyped, self-injurious, compulsive, ritualistic, sameness, and restricted interests, and an overall score. The RBS-R has acceptable levels of interrater (0.88), test-retest (0.71), and internal consistency reliability (0.78-0.91). Higher scores indicate greater impairment.
Internalizing Symptom Measures
Behavior Assessment System for Children [BASC2; Reynolds & Kamphaus, 2004] . The BASC2 is used to evaluate adaptive and problem behaviors of children ages 2-25, and has exhibited acceptable levels of test-retest reliability (0.76-0.84) and internal consistency (0.80-0.87). We utilized parent-reported scores from the depression and anxiety scales. Raw scores were used since T-scores are based on gender norms, which may mask sex differences, and sex differences were of interest in the present investigation. Higher scores indicate greater impairment.
Blood draws and OT and AVP assays. We obtained blood samples of 8.0 mL per subject after fasting for at least 2 hr. Blood was placed in tubes containing EDTA, kept on ice until centrifuging at 4°C, 3300 rpm for 12 min. The plasma was aliquoted off and stored at -80°C. Assays were performed using an enzyme immunoassay kit (Assay Designs, Ann Arbor, Michigan), which has been validated for humans [OT, Levine et al., 2007; and AVP, Carter, unpublished data] . Inter-assay coefficients of variation were 3.47% for OT and 12.26% for AVP; intra-assay coefficients of variation were 3.58% for OT and 3.16% for AVP. 
Data Analytic Plan
OT and AVP levels were log-transformed to meet normality assumptions. Analysis of variance (ANOVA) was used to evaluate the main effects of sex, diagnosis, and their interaction on OT and AVP levels, controlling for age, time of blood draw, and medication status. Because not all symptom measures were normally distributed, Spearman's rho was used to assess the correlation between autism and internalizing symptom measures and OT and AVP levels, first within each sex and then follow-up exploratory analyses were conducted within each group separately. For RBS variables, correlations were conducted only in the ASD groups due to restricted range in the TYP groups. To account for potential confounding effects of age and time of blood draw, we regressed OT and AVP values on these variables and used the residuals in correlation analyses. False discovery rates (FDR) were calculated to account for multiple testing. However, in interpreting the results, we consider both unadjusted and FDR-adjusted values given the preliminary nature of this study and the importance of identifying novel associations to be explored in future research.
Previous work similar to the present study did not find associations between IQ and plasma levels of OT, or differences in OT levels based on medication status [Modahl et al., 1998 ]. Additionally, extremely little is known about relationships between AVP and medication status or IQ. In the present sample, there were no significant associations between IQ and OT or AVP levels (ps range from 0.157 to 0.878 for OT, and from 0.313 to 0.849 for AVP). Girls with ASD on medication showed similar levels of OT, t(17) = 0.32, p = 0.757, and AVP, t(16) = 0.69, p = 0.501, to girls with ASD not on medication. Boys with ASD on medication showed similar levels of OT, t(19) = 1.72, p = 0.102, but lower levels of AVP, t(19) = 3.03, p = 0.007, to boys with ASD not on medication. Thus, we conducted secondary exploratory analyses, including IQ and medication status in the creation of residuals. Notably, the participants who were on medications differed in the types of medication being taken, each of which may have different effects on neuropeptide levels even within medication class [e.g. Kiss, Bundzikova, Pirnik, & Mikkelsen, 2010] . One of our primary goals in this preliminary study was to identify potentially novel associations to explore in future research. Thus, we elected to present findings with and without covariation in order to provide the most comprehensive view of potential associations in order to provide guidance for future studies.
Results
Blood Plasma Levels of OT and AVP
Distributions of OT and AVP levels by group are displayed in Figure 1A and B, respectively. There were no significant correlations between OT and AVP levels across the entire sample (r = 0.09, p = 0.434), or in any of the four groups (rs from -0.01 to 0.38, ps from 0.110 to 0.975). Results of the ANOVA for OT levels showed a significant main effect of sex, F(1, 68) = 4.53, p = 0.037. Girls exhibited higher OT levels than boys. There was not a significant effect of diagnosis on OT levels, F(1, 68) = 2.28, p = 0.270, nor was there a significant interaction between diagnosis and sex, F(1, 68) = 0.07, p = 0.797. For AVP, there was a main effect of sex, F(1, 67) = 4.24, p = 0.043. AVP levels were higher for boys. Diagnosis was not significant, F(1, 67) = 1.89, Figure 1 . (A and B) Plasma OT and AVP levels by group. Mean scores are marked by horizontal lines. Girls had significantly higher OT levels than boys, but the ASD and TYP groups did not differ. Boys had significantly higher AVP levels than girls, but the ASD and TYP groups did not differ. ASD, autism spectrum disorder; AVP, arginine vasopressin; OT, oxytocin; TYP, typically developing. p = 0.174, nor was the interaction between sex and diagnosis, F(1, 67) = 0.91, p = 0.344.
ASD and Social Language Symptoms
Means and SD for the CCC-2, SRS, and RBS-R can be found in Table II . As shown in Figure 2 , in all girls, there were significant associations between OT levels and CCC coherence (rs = -0.36, p = 0.033), CCC scripted language (rs = -0.43, p = 0.009), and CCC nonverbal communication (rs = -0.35, p = 0.041). The association between OT and CCC scripted language survived adjustment for multiple comparisons (p = 0.045); the associations between OT and CCC coherence, and CCC nonverbal communication were at trend level after adjustment (both ps = 0.068). There were no significant associations between AVP and symptom variables. In all boys, there were significant associations between OT and CCC coherence (rs = -0.36, p = 0.022), and CCC nonverbal communication (rs = -0.32, p = 0.046) (Fig. 2B) . The associations between OT and CCC initiation (rs = -0.28, p = 0.076), and CCC context (rs = -0.29, p = 0.069), were at trend level. After adjustment for multiple comparisons, these significant and trend-level associations were at trend level (ps = 0.095). There were no associations between AVP and symptom variables in boys. Thus, in boys and girls, high levels of OT were associated with better social communication abilities, AVP levels were not associated with symptoms, and neuropeptide levels were not associated with SRS scores.
Next, the same associations were examined in each of the four groups separately, with the inclusion of RBS symptom variables for the ASD groups. In girls with ASD, there were significant associations between OT levels and CCC coherence (r s = -0.48, p = 0.040), and CCC scripted language (rs = -0.50, p = 0.028). Associations were at trend level between OT and RBS ritualistic behavior (rs = 0.47, p = 0.051), RBS sameness behavior (rs = 0.46, p = 0.058), and RBS restricted interests (rs = 0.44, p = 0.070). AVP levels were significantly associated with the RBS self-injurious behavior (rs = 0.50, p = 0.042) and RBS overall scores (rs = 0.51, p = 0.036); associations between AVP and RBS compulsive behavior (rs = 0.47, p = 0.057) and RBS ritualistic behavior (rs = 0.45, p = 0.057) were at trend level. In TYP girls, OT levels were associated at a trend level with CCC scripted language scores (rs = -0.50, p = 0.051). AVP levels were not associated with symptom measures in TYP girls. In boys with ASD, OT levels were not associated with any symptom measures. However, AVP levels were associated with SRS social cognition (rs = -0.46, p = 0.037) and SRS social motivation (rs = -0.44, p = 0.044). AVP levels were associated at a trend level with RBS self-injurious behavior (rs = -0.42, p = 0.056) and RBS restricted interests (rs = -0.39, p = 0.083). A Fisher r-to-z transformation revealed that the significant and trend-level correlations between AVP and RBS self-injurious behavior significantly differed between girls with ASD and boys with ASD (z = 2.55, p < 0.01); this was the only RBS variable for which both groups exhibited associations with AVP. Finally, in TYP boys, there were significant associations between OT levels and CCC coherence (rs = -0.48, p = 0.036), but no significant associations between AVP and symptom variables. None of these associations survived adjustment for multiple comparisons.
When including IQ and medication status as additional covariates, in boys with ASD, the associations between AVP and SRS social cognition (rs = -0.62, p = 0.003) and SRS social motivation (rs = -0.62, p = 0.003) remained significant, and associations between AVP and the following SRS variables emerged as significant: social awareness (rs = -0.54, p = 0.012), social communication (rs = -0.49, p = 0.023), autistic mannerisms (rs = -0.54, p = 0.011), and total score (rs = -0.58, p = 0.006). These did not survive adjustment for multiple comparisons. All other associations between neuropeptide levels and ASD and social language symptoms were nonsignificant; trend-level associations were present between OT and CCC variables.
Internalizing Symptoms
In all girls, there was a significant correlation between OT levels and BASC anxiety (r s = 0.375, p = 0.032) but not depression. This association was at trend level after adjustment for multiple comparisons (p = 0.064). AVP was not associated with either anxiety or depression levels. In all boys, AVP levels were associated with BASC anxiety at a trend level (rs = -0.29, p = 0.076; p = 0.152 after adjustment for multiple comparisons) but not depression, and OT was associated with neither. When examining each group separately, no significant associations emerged in girls or boys with ASD. For TYP girls, OT levels were significantly associated with parent-reported BASC anxiety (rs = 0.64, p = 0.010; p = 0.020 after adjustment for multiple comparisons), while AVP levels were associated with parent-reported BASC depression scores at a trend level (rs = 0.48, p = 0.072; p = 0.144 after adjustment for multiple comparisons). There were no significant associations in TYP boys.
When including IQ and medication status as additional covariates, the association between BASC anxiety and OT remained significant in TYP girls (rs = -0.54, p = 0.039). The associations in all girls between AVP and BASC anxiety (rs = 0.37, p = 0.036) and BASC depression (rs = 0.36, p = 0.046) also remained significant. These associations did not survive adjustment for multiple comparisons. All other associations between neuropeptide levels and internalizing symptoms were nonsignificant; trend-level associations were present between OT and BASC anxiety in all girls, and AVP and BASC depression in TYP girls.
Discussion
This preliminary study examined the baseline plasma levels of OT and AVP in girls and boys with and without ASD, and the associations between these neuropeptides and symptom variables. The hypotheses of this exploratory study received mixed support. As predicted, overall plasma OT values differed by sex and were higher for girls. Similarly, plasma AVP levels were higher in boys than girls. Contrary to the extant literature, OT plasma levels in persons with ASD were not lower than those found in the TYP group, and there were also no differences in plasma AVP between the ASD and TYP groups. In the current study, high plasma OT values were associated with better social language skills in both boys and girls prior to (and after, in some cases) adjustment for multiple comparisons. While it is difficult to compare studies of peripheral levels with those focusing on central administration of OT, the present findings appear to be consistent with studies finding that central administration of OT improves social language comprehension [Hollander et al., 2007] . Findings related to the relationship between plasma neuropeptide levels and internalizing symptoms and repetitive behaviors illustrate the complexity inherent to these relationships, and the potential sexually dimorphic effects of OT and AVP. Specifically, prior to adjustment for multiple comparisons, OT values were positively associated with anxiety in all girls. AVP levels were positively associated with repetitive behavior symptoms in girls with ASD but were negatively associated with them at a trend level (prior to adjustment for multiple comparisons) in boys with ASD. There was a significant difference between the association between AVP and RBS self-injurious behavior scores in boys and girls with ASD, although it should be noted that the association between AVP and repetitive behaviors in boys with ASD was not significant.
While OT is generally viewed as an anxiolytic and/or a promoter of behaviors with a positive affective tone, in animal and human studies, high plasma OT levels have also been associated with negative emotions involving anxiety and depression. In rats, forced swimming and shaker stress increase plasma OT levels [Gimpl & Fahrenholz, 2001] . Chronic stress associated with social isolation also increases the synthesis of OT in prairie voles [Grippo et al., 2007] . Women with depression have been shown to display more dysregulated patterns of peripheral OT release and higher plasma OT levels when asked to imagine depression-inducing scenarios [Cyranowski et al., 2008] . Additionally, women with "extreme" OT values have been shown to be more likely to be highly anxious (Weisman et al., 2012) . Based on findings that women reporting difficulties in their social relationships showed elevated plasma OT relative to controls, Taylor et al. [2006] have suggested that OT levels constitute a "biomarker" of social separation or distress in women, and that OT release may provide the impetus for affiliative "tend and befriend" (vs. male "fight or flight") behaviors exhibited by women under stress. Our recent work suggesting that adolescent girls with ASD exhibited particularly high levels of anxiety compared with their male counterparts with ASD, as well as TYP girls and boys [Solomon, Miller, Taylor, Hinshaw, & Carter, 2012] , underscores the clinical relevance of better understanding the relationship between OT and internalizing symptoms in females with ASD.
Based on findings that there were improvements in recognition of affective prosody in speech with central administration of OT, we examined the relationship between peripheral OT and AVP levels and ASD social language measures. Across boys and girls, we found similar associations between ASD-related language symptoms and OT levels, indicating that less impairment on social language measures was associated with higher levels of OT. That is, higher OT levels may be protective against impairments in social communication. Although we recognize that there is not necessarily a one-to-one relationship between peripheral and central levels of OT, this finding is consistent with treatment studies that have found that intravenous administration of OT improves social language recognition abilities [Hollander et al., 2007] . However, given the relationships between OT levels and anxiety in girls in the present study, along with findings of associations between anxiety and atypical and autism-related language in males with ASD [Solomon, Ozonoff, Carter, & Caplan, 2008] , future studies should investigate potential relationships among OT, anxiety, and language dysregulation in males and females with ASD to determine whether individual differences in anxiety levels moderate such associations. Because there are sex differences in many aspects of language, including the autism-related ability to provide adequate listener context [Bitan, Lifshitz, Breznitz, & Booth, 2010; Tenenbaum, Ford, & Alkhedairy, 2010] , it is noteworthy that there was a consistent relationship between plasma OT levels and social language abilities across both males and females, although notably some of these significant associations did not survive adjustment for multiple comparisons. Still, this raises the possibility that mechanisms of action for OT are such that there is no dimorphism in the language domain.
While the initially significant or trend-level correlations between AVP and repetitive behavior symptoms did not survive adjustment for multiple comparisons, the association between AVP and self-injurious behavior (the only RBS variable for which significant or trend-level associations with AVP were present in both boys and girls with ASD) significantly differed between girls and boys with ASD. These findings are suggestive of potential sexual dimorphism in that associations between AVP and repetitive behavior symptoms were in the opposite direction for boys vs. girls with ASD, with higher AVP levels associated with higher levels of repetitive behaviors in girls with ASD but lower levels of repetitive behaviors in boys with ASD (although this latter association did not reach statistical significance). Although it has proven challenging to explain the etiology of restricted and repetitive behaviors in ASD, one common view is that they are related to stress [Rodgers, Riby, Janes, Connolly, & McConachie, 2012] . The relationship between OT levels and repetitive behaviors in girls is thus consistent with the argument that OT may constitute a biomarker of stress in girls with ASD. Additionally, AVP is associated with the fight or flight response, and the present findings may suggest that higher levels of AVP in girls might also be a biomarker for stress related to repetitive behaviors.
One recent position advanced to explain the higher male prevalence of ASD is that the female neuroendocrine system confers "protection" against autistic traits [Carter, 2007] . According to this view, the processes mediated by OT and the lack of reliance on AVP make being a girl a protective factor against manifesting autistic-like behavior. While Carter [2007] did not specifically address peripheral levels of OT and AVP, at least at the surface, results of the current study appear to contradict this argument. While we did find that higher OT levels were associated with better social language skills, our findings support taking a more nuanced view of OT's role. That is, rather than uniformly conferring protection against symptoms, we found that plasma OT levels were related to increased anxiety in girls. Additionally, AVP levels were also significantly related to higher levels of repetitive behaviors in girls, but the direction of similar associations in boys with ASD was reversed. It should be noted that these associations in boys with ASD did not reach significance (ps < 0.09, prior to adjustment for multiple comparisons) but are suggestive of the utility of exploring the possibility of sexual dimorphism in these domains in future studies.
This preliminary study, which serves as an initial platform for future empirical investigations of sex differences and neuropeptides in ASD, is limited in several ways. First, we measured plasma neuropeptide levels. OT is released into peripheral circulation in a pulsatile fashion. Thus, our approach of using a venipuncture for a single draw, which was based on the fact that we were studying children and adolescents, likely provides an incomplete picture. Second, the relationships among brain, CNS, and plasma levels of neuropeptides are not straightforward. While central and peripheral OT levels are believed to be correlated, the relationship may be less clear for AVP [Landgraf & Neumann, 2004] . Third, in this early but hypothesis-driven study, we chose to emphasize results prior to adjustment for multiple comparisons. While we also presented results with adjustment for multiple comparisons, we feel that the reduced power resulting from doing so would unreasonably increase the number of false negatives, which is at odds with our goal of identifying new potential relationships and patterns in this developing area of research. We feel that this is especially important in the preliminary stages of investigation of neuropeptides in ASD given the therapeutic potential (and considerable off-label use) of OT, as well as the lack of work focusing on females with ASD. Finally, while we conducted secondary exploratory analyses that included IQ and medication status as covariates, it is difficult to fully interpret their effects on the relationships examined in the present study given that little is known about their associations with neuropeptide levels, particularly AVP. Additionally, the participants on medication in the present study differed in the types of medications being taken, each of which could have a different effect on neuropeptide levels even within medication class [e.g., Kiss et al., 2010] . This is an important issue and one that should be addressed in the design of future larger studies of neuropeptides in ASD.
There are many clinically significant avenues for future neuropeptide research in ASD. Although the challenges to the development of pharmaceuticals derived from OT and AVP are enormous, there has been recent progress in the creation of a first-generation small-molecule OT receptor agonist [Ring et al., 2010] . One of the most important implications of the present study relates to the importance of testing seemingly "face valid" conclusions about the roles of OT and AVP, and to the necessity of including girls in studies of neuropeptides in ASDincluding treatment trials-given their potential unique response patterns and underrepresentation in ASD research.
